and
have been shown to be potent inhibitors of cell growth (1-3). The a, 3-unsaturated carbonyl group in the cyclopentenone ring of the molecule is believed to be the active moiety responsible for the antiproliferative effects of these PGs (4); they are actively taken up into cells via a specific carrier and accumulate in the nucleus (5). The binding of these cyclopentenone PGs to nuclear proteins has been correlated with a retardation in the progression from the G, to S phase of the cell cycle, but the specific mechanism by which they block progression is not known (5-7 (NCI, NIH). Egr-l and HO cDNAs were provided by Dr. V. Sukhatme (University ofChicago) and Dr.J. Alan (Ochsner Foundation Hospital), respectively. The eDNA forc-fos was purchased from American Type Culture Collection(Rockville, Md.). The fl-actin eDNA was obtained from Dr. L. Kedes (UniversitySouthern California)(22),and a 24 base pair oligonucleotide(5' ACG GTA TCT GAT CGT CiT CGA ACC 3') complementary to l8s RNA was synthesized.
RNA isolation and analysis
eDNA probes were labeled with 32P codCTP using the random primer kitfrom Boehringer-Mannheim (Mannheim, Germany). Oligonucleotides were labeledat the 3'end with terminal deoxynucleotidyl transferase (Bethesda Research Laboratories, Gaithersburg, Md.).
Nuclear run-on transcription assays
Nuclei were isolated from cells by detergentlysisand storedat -80#{176}C in buffercontaining40% glycerol(23).The transcription reactionand isolation of labeled RNA were performed as described previously (24, 25).
Measurement of intracellular
Ca2 levels by flow cytometry Measurement of (Ca2] was performed using a flow cytometer as described
previously (26 
In situ imaging analysis of intracellular Ca2
In situimaging analysisof [Ca2#{176}J was performed as previouslydescribed (27) .Cellswere loaded with fura-2/AM (Molecular Probes, Inc.)for I h at room temperature by the procedure modified from Tsien et al. (28),after which the cellswere washed with serum-free Krebs/N-2-hydroxyethylpiperazine-N'-2-ethanesulfonicacid (HEPES) buffer (pI-I 7.4).
Fura-2-loaded cellswere imaged in Krebs/HEPES media alone, then changed to medium containing the stimulatorof interest. Cells were observedon an invertedepifluoresence microscope (LeitzDiavert)using a X20 Nikon UV-fluor (numerical aperture 1.0)objective, quartz optics,and a directcurrent-stabilized, 50 W mercury arc lamp. Fluorescentimages of cells were excited at 340 and 380 nm using narrow-band interference filters (DitricOptics,Hudson, Mass), and emitted lightwas collected through a broad band filter (500 nm, band passof 40 nm; DitricOptics).Calculations and digitizations were allperformed using a microcomputer image-analysis system (BIAS, Loats Associates, Westminster,Md.) based on an IBM/AT. As shown in Fig. 2A Subconfluent fibroblasts were treatedwith PGA2 and/or BAPTA-AM for I h (c-fec, er-1) or 8 h (HO, gaddl53,  HSP7O ), after which total RNA was analyzed for mRNA expression by dot blot analysis.
RESULTS
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produced similar effects in human diploid fibroblasts and to examine whether other stress-response and/or growthrelated genes were affected, we examined the relative level of mRNA expression for the proto-
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As shown in (Fig. 5) , which is also associated with a lower level of gene induction.
These findings suggested that it is the initial [Ca24], spike that is critical for the induction of these genes.
To test this possibility, subconfluent and confluent cells were both treated with the Ca21' ionophore A23187 (1 jg/ml), which results in a similar Ca21' mobilization pattern regardless of growth state (Fig. 7) . Furthermore, in both subconfluent and confluent cells treated with A23187, we observed an induction of all five mRNAs. As shown in the inset, the magnitude of the induction of a representative gene, c-fos, was similar in confluent and subconfluent cells (Fig. 7, inset) . These studies suggest that processes producing the early Ca21' mobilization spike are critical in the activation of stress genes during PGA2-induced growth arrest. Time (s) Figure 7 . Effects of cell density on Ca2 mobilization and c-fos mRNA expression after treatment with the Ca2 ionophore A23187. cellswere treated with A23187 (1 p.g/ml) for 1 h, after which RNA was isolated and analyzed for c-fos by Northern blot analyses. 
DISCUSSION
